Abstract. The dynamical system or flowż = f (z), where f is holomorphic on C, is considered. The behavior of the flow at critical points coincides with the behavior of the linearization when the critical points are nondegenerate: there is no center-focus dichotomy. Periodic orbits about a center have the same period and form an open subset. The flow has no limit cycles in simply connected regions. The advance mapping is holomorphic where the flow is complete. The structure of the separatrices bounding the orbits surrounding a center is determined. Some examples are given including the following: if a quartic polynomial system has four distinct centers, then they are collinear.
Introduction
There have been a number of studies of dynamical systemsż = f (z) orż = f (z, t) , where f is holomorphic in z and z ∈ C n or some subset. These are called holomorphic or conformal flows [1, 6, 7] . Some closely related work has been done on Newton flows, that is dynamical systems of the form [2] [3] [4] [5] 
For example this type of flow is used by Benzinger [2] to prove that holomorphic flows with rational function right-hand sides do not have limit cycles. In this paper the primary interest is to explore holomorphic flows on C (i.e. n = 1) to better understand complex, even entire, functions. Applications to functions such as the Riemann ξ function will be developed in a later paper.
First it is shown that the flow characterizes the function. Section 2 is a compilation of local properties. These are straightforward and can be found in the literature, for example [8] . They are included here for ease of reference. Section 3 is the main part of this paper. There it is proved that, under suitable restrictions, the advance mapping is holomorphic. This is then used to prove that holomorphic flows have no limit cycle. In addition a description of the global neighborhood of a center for every entire flow it derived.
Section 4 contains some examples, again indicating the restricted behavior of holomorphic flows. We are especially interested in flows for entire functions which have only centers in the finite plane. It is shown that if the flow is polynomial of degree less than 5, with centers only, then the centers must be on a line. 
Proof. Let Z be the (isolated) set of critical points. If z is not a critical point, then
, so α(z) is real and holomorphic and hence constant on Z, therefore on .
It follows that the integral paths ofż = f (z), for holomorphic f, determine f up to multiplication by a real constant.
The phase portrait of f is plotted in Figure 1 . It is a quartic polynomial with one simple zero, which is a center, and one zero of order 3.
Local Properties
THEOREM 2.1. Let f be a meromorphic function on ⊂ C and let a ∈ be such that f (a) = 0 and f (a) = 0. Letż = f (z) be the corresponding flow. Then (a) the critical point z = a is non-degenerate, (b) λ ± = u x ± iv x = {f (a), f (a)},
